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(13 OBJECT AHD SCORE OF THESIS.
In view o f  the great strides made in the last decade 
in the manufacture and perfection of the small gas and 
gasolene motor and i t s  rapidly increasing popularity and 
u t i l i t y  in the commercial world,the study o f the design and 
construction o f  this machine has been chosen as the sub_- 
jec t for this thesis.
I t  is  realized that a thesis o f  this kind which 
consists principa lly  o f  designing and building an engine 
which shall contain the approved features o f  modern design 
and opperation may not be o f  special interest to the 
general engineering public.
Considered from the viewr point o f  the w riter  .however, 
a thesis o f  this nature is  o f  very practical value,since 
i t  is  his intention to enter the f ie ld  o f  the manufacture 
o f  gasolene engines.
The manner in which each part o f the machine is  
constructed,the special features to be accomplished or 
avoided in the pat terns, castings, machining or assembling 
are a l l  o f v i t a l  importance from the view point o f the 
man in charge o f the manufacture o f engines which w i l l  
be modern in every respect and have a commercial value.
2This,then,has been the line upon which the present 
thesis has been constructed. I t i s  purely a thesis o f  
design and construction,the greater part o f  time having 
been devoted simply to learning how the engine should 
be designed and built.
Upon the completion o f  the engine a short test was 
taken o f  i t  to find out vrhat power i t  could develops 
and to become fam iliar with the operating details .
The results o f this test are given at the end o f  the 
thesis as a record o f the best performance the engine has 
done.
(g) SHORT HISTORY OB’ GAS JSMGIfiE DSSIGU.
The use o f  the internal combustion heat engine as a 
means o f  generating mechanical power is  o f  comparatively 
recent date. The f i r s t  crude attempt at an engine o f  this 
type as a commercially successful motor was the L§ Iloir 
engine. This engine.placed upon the French market in 1860, 
was found to be very in e f f ic ien t  .g iv ing very l i t t l e  power 
for  an immense fuel consumption and was therefore abandoned. 
I t  is  o f  interest to the gas engine world simply from the 
fact that i t  was the f i r s t  internal combustion or gas 
engine.
In 1866 By. Otto o f  Berlin .Germany .introduced his 
successful four cycle gas engine which.with many improve­
ments,is the one used in the great major ity  of engines 
today.
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4Shortly a fte r  this in 1870,Dugald Clerk.working along 
the same lines  in England.modified the Otto engine in 
such a way that he was able to produce an impulse every 
revolution .which scheme was the fore-runner o f  a l l  the 
two cycle engines so well know'r in the gas engine world 
today.
Very recently ,in  the last ten years,owdng to the 
great demand fo r  large power generating units gas engines 
o f  large capacity .using the compound and double acting 
principles,, have been built and are proving very successful! 
and e f f ic ie n t  power units.
however,as the type or gas engine is  outsiu« tu0 
subject o f  this thesis their  design and construction w i l l  
not be discussed here.
(3 ) THEORY OF CCHSTHUCTICB AED C PER AT ICE OF THE SMALL 
FOUR CYCLE GASCLHEE EHGIiiS.
As the engine bu ilt for this thesis is  o f  the two 
cylinder four cycle type a short description o f  i t s  
operation is  o f  interest and is  as follows. Gasolene , 
kerosene or alcohol may be used as fuel,the gasolene and 
‘alcohol being much more easy to operate than the kerosene 
because o f  their  high v o la t i l is in g  properties.
Eever-the-less kerosene can be made to operate 
very successfully by means o f  a good vaporiser or 
carburetor.
This vaporised fuel is  drawn into the cylinder during
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6one complete downward or outward stroke o f  the piston.
I  he valve then closes end during the next 18C* o f crank 
travel the mixture o f s ir  and fuel is  compressed from 
atmosphere pressure and temperature to a much higher 
pressure o f  from 60 to 75 poxxnds and its  corresponding 
temperature. Just before the completion o f  this last 
stroke,possibly from £C to 40 ,the compressed mixture o f 
a ir and gasis ignited by means o f  an e lec tr ic  spark.As 
this internal combustion is  in the nature o f  an explosion 
and the piston is  almost at the end o f  i ts  stroke expansion 
occurs at p ract ica lly  constant volume. During the third 180* 
of crank rotation this burned gas at high pressxxre and 
temperature expands very nearly adisbatically u n til near 
the end o f the second outward stroke when the exhaust 
valve should open. The waste gases are pushed out during the 
return stroke o f  the piston and at the end o f the fourth 
stroke the engine is again ready to repeat the above 
described process.
The four separate steps above described* intake, 
compression and ignition,expansion,and exhaust each one taking 
a stroke c f  the piston gives this type o f  engine i t s  name.
For a l l  cases where engines o f  small s ize are used as in 
motor boats and automobiles the four cycle engine has been 
recognized as the most re liab le  and economical type o f  
gas engine and consequently i t  is  the most common type 
used for  th is work at the present time.
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8(4 ) DESCRIPTION OF ENGINE.
The general plan and construction o f  this engine 
may be seen in Photo No. 2. I t  is  o f  the ve rt ica l four cycle 
two cylinder type.The two cylinder castings and pistons 
were obtained from the Whiting Foundry Equipment Company 
o f  Harvey5I l l in o is  and had been used as opposed engines in 
one o f  their automobiles-
Having obtained these castings the problem was to 
design and build such a crank ease.shaft,valve and other 
mechanism as would make a v e r t ic a l engine suitable for  a 
small shop or boat.
The base and crank case castings as shown in drawings 
No-1 and"fare parted on a horizontal section through the 
main bearings o f  the engine. This allows the upper part o f  
the case containing a l l  the engine parts to be l i f t e d  
o f f  giving free access to every part o f  the mechanism.
The base or lower ha lf  o f  the case is designed to hold a 
supply o f  cylinder o i l  which lubricates a ll  o f  the bearings, 
crank and wrist pins and cams by means o f  the splash.
The four valves are a l l  mechanically operated by 
means of four earns and push rods. These cams,as shown in 
Drawing No. 3, give a quick l i f t  and drop being operated 
by a two tc one gear from the main shaft.
The cams on the intake are designed to operate for 
a period o f  fu l l  stroke.attaining maximum valve opening 
in 46° <Sf rotation .running wide open 10G°and closing in 4C° .
9After careful experimentation and study i t  v;as 
decided to start to open the exhaust valve at about seven, 
eighths o f  the downward stroke. £y consulting the drawing 
o f  the exhaust cams i t  w i l l  be seen that the valves are 
open for a to ta l o f  . The vo^ve is fu l l  open in 4C*
and remains open 14CC and closes again in 40* . This was 
found necessary to avoid excessive back pressure due to 
th ro tt ling  the exhaust during the f i r s t  45 “o f  the upward 
or exhaust stroke o f  the pis„ton. As now designed the 
exhaust valves are fu l l  open at the commencement o f  the 
exhaust stroke.
The valves are o f the interchangable^caged type o f 
poppet valve operated by a rocker arm and push rod from 
the cam shaft. The valve has a maximum l i f t  o f  5-16".
The ign ition  timing device is  o f  or ig ina l design 
some what similar in operation to the Hers timer. Draw­
ing Ho. 4 shows the connection o f  the ig.nition apparatus to 
the engine and gives method o f  operation. The brass plug 
with spring contact point is r ig id ly  fixed to the cam 
shaft and rotates once in every two revolutions o f the crank. 
The frame containing the insulated wiring posts is made 
r ig id  to the engine base by a thumb nut. As the cam shaft 
revolves the contact point comes in touch with the wiring 
posts and this contact is  so timed as to occur just 
when ign it ion  should take place in the cylinder. The jump 
spark method o f ign ition  is used. The contact made in the
timer allows a current from dry batteries to flow through 
a primary c o i l  which induces a very high potential current 
to cross the spark gap in the cylinders. By means o f  the 
thumb nut the timing o f  this ign ition  can be advanced or 
retarded t i l l  the most e f f ic ie n t  point is  found. By 
experiment the time o f  ign ition  was found to be 40° ahead 
o f  dead center ror the normal sp^e* o f seven hundred 
revolutions per minute. This most advantageous position 
was found by keeping a constant load upon the engine and 
a constant fuel supply and then testing to see at what 
point the greatest speed could be obtained .thus getting 
the maximum power from a defin ite  fuel supply.
(5) STATEMENT OF WORK ACCOMPLISHED.
A b r ie f  review o f  what has been done in connection 
with the building o f  this engine may be o f interest. Having 
the tv?o cylinder castings mentioned above the f i r s t  thing 
to be done was to make drawings for a l l  the other parts o f 
the engine. These parts had to be so designed as to enable the 
use o f the purchased cylinders with the least additional 
work upon them.
F irst drawings and then patterns had to be made as shown 
in photo Ho. 4. As can be seen this included patterns for  a 
rather complicated crank case,a f ly  wheel,a cast steel 
crank shaft .journal caps,bronze bushings and several other 
small castings.
With the exception o f  the bronze bushings and the steel
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casting, a l l  foundry work was done in the Mechanical Shops 
o f the University o f  I l l in o is .
Having procured the castings and material fo r  work 
much time was spent in the machining"of the many parts o f  
engine. The boring or the double crank c«oc aiiu. the turning 
or tne steel cx’an*. were perhaps the .^ost d i f f i c u l t  and 
largest single pieces o f  work. A fter machining the separate 
parts the task o f  f i t t in g  and assembling the engine and 
putting i t  in running order took a large part o f  the 
remaining time devoted to thesis work. Photo Ho. 3 shows 
the in ter io r  arrangement o f  the engine parts very fa ir ly .
F inally  a fter  completing the engine a short test was 
taken simply to determine the best working conditions 
regarding speed.load, ign it ion  and gas mixture;Also to find 
just what power the engine could develop when working 
under these best conditions.
Photo Ho. 1 shows the engine connected up fo r  t r ia l  
test with the fr ic t io n  brake and scales in position. Below 
is given the data o f  the t r ia l  test and the necessary 
calculations for power.
LOG SHEET
Date, May 4,1906.
Tine Load Speed B.Ii.P
2. 20 P. M. 16 630 9. 95
2. 30 16 620 9. 60
2.4C 17 570 9. 60
2.5C " 16 6C0 9. 50
3. CO " 16 640 10.10
3.1C " 16 630 9. 95
3. 20 " 15 670 9. 95
3. 30 16 640 10.10
Brakearir.--- -- 5.1875 ft .
Formula H f? - 2  n  r  a/=■
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